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specification  requirements  for  grade  JP-5.  Material  congiatibility  and  
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CONVERSION  FACTORS:  SI  TO  U.S.  CUSTOMARY  UNITS 


Convert  From  Tu  Multiply  by 


dftjref  Celsius  (®C) 

degree  Fahrenheit  (®F) 

top  — 

1.8  t< 

*C  * 

-4 

jouIp  I »t  kilogram 

British  tliermal  unit  per 

4.299 

226  X 

10 

(J/kg) 

pound  (BTU/lb) 

kilfxjram  (kg) 

(K)und  (lb) 

2.204 

622 

Itilogram  per  second 

pound  per  hour  (Ib/hr) 

7.936 

640  X 

10^ 

(kg/s) 

kilogram  per  watt 

pound  per  horsepower  per  hour 

5.918 

352  X 

10^ 

per  second  (kg/W»s) 

(Ib/HP.hr) 

litre  per  second 

gallon  per  minute  (gpm) 

1.58S 

030  X 

10^ 

(1/s) 

metre  (m) 

inch  (in) 

3.937 

007  X 

10^ 

me.-re^  (m^) 

inch3  (in^) 

1.550 

003  X 

10^ 

metre  (m  ) 

gallon  (gal) 

2.641 

720  X 

10^ 

metre^  per  second 

centistokes  (cSt) 

1.000 

000  X 

.10® 

(mVs) 

newton  (N) 

pound-force  (lb-force) 

2.248 

089  X 

10”^ 

pascal  (Pa) 

pound  per  square  inch  (psi) 

1.450 

377  X 

lo--* 

watt  (W) 

horsepower  (HP) 

1.341 

022  X 

lo"^ 
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flic  Naval  Axr  I'ropulsion  Canter  (NAPTC)  is  invest  iqatlnq  alternate 

sources  (coal,  shale  and  tar  sand;)  that  could  l>e  used  to  produce 
This  work  is  bein>j  conducted  under  Work  Unit  Plan  No.  H12  which  is  authorized 
by  r<'(*  rence  1.  This  report  covers  the  phase  of  the  work  tliat  was  perfornied 
on  JP-b  type  fuels  derived  frori  coal. 

Since  no  JP-5  type  fuel  derived  from  coal  was  availaiile,  a contract 
was  awaj  led  to  tlie  Sun  i‘U  1 Company  (reference  2)  to  refine  synthetic  crude 
oils  (syn.Tudes)  d>.‘rivod  from  coal  into  JP-5  type  fuels.  The  coal  syncrud'"; 
were  furnished  to  NAPTC  by  the  U.S.  l.nerqy  Research  and  Uevelopnent 
Administration  in  response  to  reference  3.  Fifty-four  barrels  (8.58  metres^ 
(2268  gallons))  of  syncrudes  derived  from  Western  Kentucky  and  Utah  coals 
were  furnished.  Tlie  coals  liad  been  converted  to  tlie  liquid  state  by  t!.*- 
Char  Oil  Energy  tk‘velopcient  (COED)  process  (reference  4)  by  the  FdC  Corporation 
of  Princeton,  Hew  Jersey. 

The  Sun  Oil  contract  consisted  of  two  phases.  Phase  I requi.red  the 
refining  of  each  syncrude  into  JP-5  type  fuels  having  low  (0-5  percent) 
and  high  (20-25  percent)  aromatics  content  in  0.04  (10  gallons)  quantities. 

Phase  II  required  the  refining  of  0.95  (250  gallons)  of  a high  aromatic 

content  JP-5  type  fuel  from  the  syncrude  derived  from  Western  Kentucky  coal. 

T)ie  selection  of  the  aromatic  content  and  syncrude  source  was  based  upon  the 
analysis  of  the  Phase  1 samples. 

The  testing  of  the  Phase  I samples  consisted  of  analysis,  accelerated 
storage  stability,  and  compatibility  with  elastomeric  materials  and  copper. 

This  work  was  performed  under  the  reference  1 authorization.  'D  o larger 
quantity  of  the  Phase  II  sample  permitted  larger  scale/component  testing 
to  supplement  the  laboratory  typo  testing  performed  on  t)ie  equivalent  Phase 
1 sample.  The  actual  tests  performed  on  the  Phase  II  sample  were  analysis, 
T63-A-5A  engine  performance  and  exhaust  emissions  tests  and  filter/separator 
coalescer  tests.  The  Phase  II Jwork-was  authorized  by  reference  5.  Although 
the  Phase  1 and  Phase  II  testing  were  supported  by  different  Naval  Air 
Systems  Command  (NAVAIR)  groups  (AIR-330  and  AIR-536,  respectively),  it 
was  considered  advl6^Ut>le  to  combine  the  results  into  this  one  report  to 
provide  a complete  package  of  related  information. 

In  this  report,  the  primary  information  is  contained  in  the  Appendices, 
each  of  which  covers  a specific  area  of  the  investigation.  Each  Appendix 
is  a report  in  itself  and  the  information  they  contain  is  summarized  in  the 
body  of  this  report. 

CONCLUSIONS 

1.  Fuel  can  be  refined  from  synthetic  crudes  derived  from  coal,  utilizing 
a high  degree  of  hydrogenation,  to  meet  all  the  requirements  of  JP-5  but 
for  the  gravity/density  of  the  fuel.  Die  optimum  JP-5  type  fuel  refined 
from  coal  had  a sj>ecific  gravity  value  that  exceeded  the  JP-5  maximum  limit 
by  12  percent.  Die  gravity/density  problem  is  inherent  to  the  chemical 
composition  of  coal  fluids  and  is  not  a disqualifying  factor  as  far  as 
aircraft  engine  of»eration  is  concerned. 
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2.  The  JP-5  tyjie  fuels  derived  from  coal  exhibit  similar  material 
compatibilities  and  additive  resijonso  to  that  of  JP-5  derived  from 
petroleum  except  that  they  have  a greatei  capability  to  dissolve  water. 

Wlien  fuels  derived  from  coal  and  petroleum  are  mixed  together,  there  is 
evidence  that  a detrimental  effect  on  coalescer  performance  results. 

3.  The  variation  in  freeze  point  of  fuels  derived  from  coal  is  related 

to  the  source  of  the  coal,  is  not  greatly  affected  by  the  degree  of  hydro- 
genation of  the  synthetic  crude  but  is  affected  by  distillation  range  of 
the  resulting  fuel. 

4.  Engine  performance  and  exhaust  emissions  for  the  vTP-5  type  fuel  derived 
from  coal  were  equivalent  to  those  obtained  with  petroleum  derived  JP-5  during 
short  tests  in  a T63-A-5«  engine. 

RECOWIENDATIOHS 

1.  Syncrudes  representing  additional  sources  of  coal  and  processes  to  derive 
syncrudes  should  be  subjected  to  similar  investigations. 

2.  The  water  solubility  characteristics  of  JP-5  type  fuels  derived  from  coal 
should  be  subjected  to  more  detailed  investigation  as  well  as  the  effect  of 
blende  of  coal  and  petroleum  derived  fuels  on  filter/separator  coalescer 
performance. 

3.  More  extensive  enclne/combustor  testing  of  fuels  derived  from  coal  should 
be  performed  to  determine  the  existence  of  any  hot  section  component  problems. 

DESCRIPTION 

1.  All  of  the  tests  and  procedures  used  to  investigate  characteristics 
and  performance  of  the  fuels  derived  from  coal  are  completely  described  in 
Appendices  A through  G.  These  are  all  tests  that  have  been  and  are  used 
in  industry  and  by  this  Center  to  investigate  fuel  characteristics  and 
performance.  ~ ~ 

DISCUSSION  AND  ANALYSIS  OF  RESULTS 

1.  Analysis  of  Phase  I Coal  Derived  JP-5  Type  Fuels 

a.  The  characteristics  of  the  fuels  with  high  aromatic  content  (single 
stage  hydrogenation)  tended  to  be  marginal  or  deficient,  when  ccxnpared  to 
JP-5,  in  viscosity,  gravity,  freeze  point,  smoke  point  and  thermal  stability. 
Reducing  the  aromatic  content  of  these  fuels  to  a minimum  level  of  0-5  percent 
(two  stage  hydrogenation)  corrected  the  smoke  point  and  thermal  stability 
ptoblems.  The  viscosity  problem  was  correctable  by  reducing  the  initial  and 
end  point  distillation  temperatures  of  the  fuel  which  in  turn  is  detrimental 
to  the  yield  of  the  fuel  (from  the  crude).  The  freeze  point  was  affected 
primarily  by  the  source  of  the  coal  rather  than  the  aromatic  content/degree 
of  hydrogenation.  The  fuels  derived  from  the  Western  Kentucky  coal  had  very 
good  freeze  points  whereas  the  fuels  derived  from  the  Utah  coal  were  signif- 
icantly higher.  The  gravity  values  also  improved  with  the  decrease  in 
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; '.t  1 ; ; .1*  i a.  ‘ I>ci  t.i-ri  • r j»*.  t;  nfjt  to  t.'io  rarig**  rw  juired  for  Jf-5. 

T!a;  it  iv.t  ; r s i j *Jie  dcralir*  tyf**  ctrfnftour.d’'.  whi'-h  are  tii« 

nion  , ,r[  ajr.ds  toot.J  i r.  f oels.  T)ie??e  C''irtf<iijnds  t>asj.;aily  have 

h.i'jiajt  it  1 ity  valij-'s  than  t:.<-  '.onjioundr.  found  in  {-etrole-^  derived  fuels. 
T!.or*tf  at  t;.is  IS  M.e  one  ) roj- -rty  of  coal  derived  fuels  that  is  for 
1 iri  oi.its  in;  oss  ih  le  lu  adjust  to  meet  the  Jf'-S  re'jul  renent  j 
;i  jwvor , tiis  iravity  value  of  the  fuel  is  not  critical  to  tl.e  ojeration 
it'  enuineu. 

■ . ■ ■ co.il  h'rived  fue-1  contained  more  dissolved  oat  sr  tlian  did  normal 

T-'  . il  wever,  tia;  :0a  I derived  fuel  did  respond  to  the  addition  of  the 
! i.'i  if.it.r  liihii.itor  (!  'ill)  to  t)ic  same  degree  a'i  did  normal  JP-li. 

c.  Kurtlior  details  on  the  various  tests  conducted  may  be  found  in 
Appendix  A. 

2.  dtoraqe  Stability  of  Plta.se  1 Coal  Derived  Fuels 

a.  Tlie  four  fuels  wore  subjected  to  26  weeks  storage  at  43*C  (110*F). 

Based  on  tests  conducted  before  and  after  the  storage  period,  there  was  no 
degradation  of  the  thermal  oxidation  stability  characteristics.  The  gun 
content  of  one  of  the  samples  increased  signif icantlyi  however  the  use  of 

an  oxidation  inhibitor  eliminated  this  increase  in  gum  content.  These  fuels 
are  conpiatiblo  with  oxidation  inhibitors  and  it  nay  be  necessary  to  mandate 
their  use  with  these  fuels. 

b.  Further  details  on  the  various  tests  conducted  may  be  found  in  Appendix 
B. 

3.  Compatibility  of  Phase  I Coal  Derived  Fuels  with  Copper 

a.  Exposing  the  coal  derived  fuels  and  JP-5  to  copper  resulted  in 
solubilization  of  copper  in  all  the  fuels.  The  high  aromatic  content 

fuels  had  the  greatest  race  of  copper  solubilization  whereas  the  low  aromatic 
content  fuels  had  the  least  rate.  All  the  fuels  suffered  significant 
deterioration  in  their  thermal  oxidation  stability  characteristics  when  they 
contained  200  ppb  of  dissolved  copper. 

b.  Further  details  on  the  tests  conducted  may  be  found  in  Appendix  C. 

4.  Compatibility  of  Phases  I and  II  Coal  Derived  Fuels  with  Elastomers 

a.  These  fuels  and  a JP-5  were  subjected  to  28  day  storage  tests  at  a 
temperature  of  52®C  (120^)  with  each  of  the  elastomeric  materials  that 
fuel  contacts  in  the  S3A  aircraft.  At  the  end  of  the  test,  no  adverse 
effects  on  any  of  the  elastomeric  materials  were  noted. 

b.  Further  details  on  the  tests  conducted  may  be  found  in  Appendix  D. 
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5.  Ariaiy^tis  of  JP-S  Tyj'c  Fuel  (Pha» » II)  D<»riv»?d  From  Coal 

I.  Based  on  Recotmendations  contained  in  fiaragrapihs  3. a.  and  3.b.  of 
Ai  jendi*  A,  the  0,95  (250  gallons)  of  JP-5  type  fuel  for  conp<3nent  testing 

were  refined  fron  Western  Kentucky  coal.  The  fuel  i^as  refined  to  contain  a 
h:  li.  arofiatic  content  (20-25  i>ercent)  and  lower  initial  and  er.d  point 
diitillation  tem|<eratures  than  the  equivalent  Phase  T fuel.  Tlie  lower 
distillation  temperatures  were  new  requirements  to  attempt  to  imx>rove  the 
•■■iscisity  and  gravity  characteristics  of  the  fuel.  The  fr.el  was  analyzed 
and  t!»e  following  characteristics  were  found  to  compare  unfavorably  with 
re  luirenonts: 

(1)  Gravity  - the  gravity  value  was  higher  than  the  JP-5  requirement 
by  i narrow  margin.  The  higher  gravity  is  related  to  the  chemical  composition 
of  *.he  fuel,  which  is  primarily  saturated  fused  ring  compounds.  Such 
comjxjunds  have  a higher  gravity  than  do  the  petroleum  derived  JP-5  constituents. 
However,  the  slight  increase  in  gravity  for  the  coal  derived  fuel  would  not 

be  a problem  in  the  operation  of  a gas  turbine  engine. 

(2)  Smoke  Point  - the  value  of  18  mm  did  not  meet  the  requirement  of 
19  mm  by  a narrow  margin.  The  low  hydrogen  content  of  13  percent  by  weight 
(vice  13.5  percent  for  JP-5)  is  the  cause  of  the  unacceptable  value. 

Additional  hydrotreating  during  the  refining  of  the  fuel  would  correct  this 
problem. 

(3)  Thermal  Oxidation  Stability  - a breakpoint  temperature  of  249*C 
(480*F)  was  obtained  for  this  fuel  vice  the  JP-5  requirement  of  260*C  (500®F) . 

The  low  thermal  oxidation  stedbility  was  believed  to  bn  the  result  of  soluble 
metals  (IS  ppb  copper,  38  ppb  iron  and  50  ppb  zinc)  present  in  the  fuel. 

After  removal  of  the  soluble  metals  by  clay  treatment,  the  fuel  had  a brea)c 
point  temperature  of  282*C  (540*F) . 

(4)  Particulate  Matter  - This  fuel  contained  an  unacceptable  amount 

of  sediment,  which  was  probably  due  to  the  particulate  matter  in  the  drums 

used  for  shipping.  The  sediment  was  removed  by  mechanical  filtration. 

b.  The  change  in  the  distillation  range  for  the  Phase  II  fuel  (as  compared 
to  the  equivalent  Phase  I fuel)  did  reduce  the  viscosity  of  the  coal  derived 
fuel  to  a value  well  within  the  range  required  by  JP-5. 

c.  Further  details  on  the  tests  conducted  may  be  found  in  Appendix  E. 

6.  Coalescer  Performance  of  JP-5  Type  Fuel  (Phase  II)  Derived  From  Coal 

a.  This  fuel  was  subjected  to  water  coalescence  tests  in  a single  element 
testing  system.  The  results  obtained  with  the  Phase  II  fuel  were  satisfactory 
and  compared  favorably  with  those  obtained  with  JP-5. 

b.  A test  in  which  a small  amc  int  of  the  Phase  II  fuel  was  combined  with 
a large  amount  of  JP-S  resulted  in  a detrimental  effect  on  the  water 
coalescing  ability  of  the  coalescer  element.  This  area  of  wor)c  warrants 
further  investigation. 
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c.  Furtlmr  details  on  the  tests  cesnclucted  may  he  found  in  Afjpendix  F. 

7.  T03-A-5A  Engine  Performance  and  Exhaust  Emission  Tests  Using  JP-5  Tyi>e 
Fuel  (Phase  II)  Derived  From  Coal 

a.  Engine  Performance  - A calibration  test  using  JP-5  was  performed  on 
tills  engine  prior  to  the  evaluation  of  the  coal  derived  luei.  The  data 
showed  the  engine  performance  to  conform  to  the  model  rg  e j . f j cation 
requirements.  Following  the  calibration  test,  the  coal  derived  fuel  wa;. 
-jvaluated  and  the  engim*  performance  data  oitained  were  >•  ruivaient  to  the 
JP-5  data. 

b.  Exhaust  Bnissions  - Measurements  for  carbr  n monoxide  iO'j) , total 
unburned  hydrocarbons  (THC)  and  oxides  of  nitrogen  (!10  1 in  t.'io  exhaust 
stream  were  made  for  both  JP-5  and  the  fuel  derived  fr^Ti  coal.  Cor.jar  , on 
of  the  data  showed  equivalent  exhaust  emissions  for  both  fuels. 

c.  Further  details  on  the  tests  conducted  may  be  found  in  Appendix  0. 

8,  The  information  concerning  the  processing  performed  by  the  Sun  Oil 
Company  to  refine  tlie  JP-5  type  fuels  from  coal  syncrudes  may  be  found  ir 
reference  6. 
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NAVAIR  WUP  NAPTC-812  - Analysis  of  Phase  I Coal  Derived  JP-5  Type  Fuels 

(a)  Preparation  of  Gas  Turbine  Fuel  From  Synthetic  Crude  Oil  Derived 
From  Coal  - Phase  I,  Sun  Oil  Company  Report,  15  Oct  1974,  Contract 
No.  N00140-74-C-0568 

(b)  AFAPL-TR-72-103,  Hydrogen  Content  as  a Measure  of  the  Combustion 
Performance  of  Hydrocarbon  Fuels,  May  1973 

(c)  NAVAIR  WUA  No.  WAPTC-780-4R6-359;  Development  of  JP-5  Icing  Inhibitor 
and  Biocide  Additive,  Itr  of  23  June  1975 

(1)  Tables  I through  IV,  inclusive 

(2)  rigure  1 

1.  Introduction.  The  Phase  I requirement  of  the  subject  contract  was  to 
provide  the  Naval  Air  Propulsion  Test  Center  (NAPTC)  with  four  0.04  m3  {lo 
gallon)  samples  of  JP-5  type  fuel  having  a low  (0-5  percent  volume)  and  high 
(20-25  percent)  aromatic  content  from  two  synthetic  crude  oils  derived  from 
Utah  and  Western  Kentucky  coals.  The  synthetic  crude  oils  were  obtained 
from  the  FMC  Corporation  which  used  the  COED  process  in  their  manufacture. 

The  four  fuel  s^uople8  were  analyzed  by  NAPTC  to  determine  their  properties 
and  composition  relative  to  Specification  MIL-T-5624K  (Grade  JP-5).  It  waa 
considered  appropriate  not  to  require  full  conformance  to  the  JP-5  spec- 
ification in  the  contract  in  view  of  current  refinery  processing  technology 
limitation! , the  properties  of  the  crude  oils  and  the  economical  reasons. 

The  results  of  the  analysis  of  tlie  Phase  I sasg>les  were  also  used  as  the 
technical  basis  for  selecting  one  of  the  four  fuels  that  would  be  produced 

on  a larger  scale  (approximately  0.95  m3  (250  gal))  in  Phase  II  of  the  contract. 

2.  Conclusions. 


a.  The  JP-5  type  fuels  refined  from  synthetic  crudes  derived  from 
coal  I 

(1)  exhibit  higher  viscosity  and  lower  API  gravity  values  than  are 
normal  for  petroleum  base  JP-5  fuels. 

(2)  have  freeze  points  that  vary  primarily  with  the  source  of  the 
coal.  The  freeze  points  of  the  fuels  varied  from  above  to  below  the  range 
for  current  petroleum  base  JP-5  fuels. 

(3)  exhibited  smoke  point  and  thermal  stability  values  that  varied 
with  the  aromatic  content  of  the  fuel.  The  high  aromatic  content  fuels 
had  marginal  thermal  stability  and  poor  smoke  point  values  whereas  the  low 
aromatic  fuels  exhibited  exceptional  thermal  8t^Lbllity  values  and  accept2d>le 

A-1 

Bhji  U.S.  Savinis  Bonds  Bjffslssrly  on  tht  Bay  roll  Savings  Plan 


NAFTC-PE-9'J 


snokc  {x>ifit  values  when  compared  to  those  of  current  fietrolcum  base  JP-5 
fuels. 

(4)  exhibited  r^t-qligible  trace  soluivle  metal  (Zii,  Cu,  FeJ  content  of 
less  than  5 parts  per  billion  (ppL). 

(5)  have  a greater  tendency  to  dissolve  water  than  does  conventional 

JP-5. 

(6)  resjxjnd  to  the  addition  of  the  Fuel  System  Icing  Inhibitor  {FSIIJ 
as  does  conventional  JP-5. 

b.  Reduction  of  the  distillation  end  fxiint  to  260“C  (500*F)  improves  th'- 
viscosities  of  the  high  aromatic  content  JP-5  type  fuels.  The  low  aromatic 
content  JP-5  type  fuels  were  not  studied  in  this  resjiect,  but  would  be 
expected  to  bonavc  similarly. 

c.  The  high  arcmatic  content  JP-5  tyi^  fuel  refined  from  the  synthetic 
crude  oil  derived  from  Western  Kentucky  coal  represents  the  most  practical 
fuel  for  further  study  because:  (1)  fuels  from  coal  (for  reasons  of  economy! 
will  be  high  in  aromatic  content,  and  (2)  it  has  a significantly  better 
freeze  point  than  does  the  corresponding  Utah  fuels. 

3,  Recocanendations.  The  Phase  II  fuel  should  be  refined  from  synthetic  crude 
oil  derived  from  Western  Kentucky  coal  with: 

a.  an  aromatic  content  in  the  fangc  of  20-25  percent  by  volume. 

b.  a distillation  end  point  of  260*C  (500*F)  to  improve  the  viscosity 
and  gravity  characteristics. 

4.  Results  and  Discussion. 

a.  The  test  data  from  the  Sun  Oil  Company  report,  reference  (a),  ^md 
the  NAPTC  laboratory  for  the  four  coal  derived  fuels  are  presented  in 
Tables  I through  IV  of  enclosure  (1).  Comparison  of  the  data  from  the 
two  laboratories  showed  some  Inconsiutencies.  For  the  most  part,  however, 
the  data  were  acceptable  since  the  differences  are  within  the  precision  of 
the  test  methods.  There  were  two  major  disagreements  in  the  data*  the 
hydrogen  content  and  the  smoke  point.  The  hydrogen  content  reported  by 
Sun  Oil  Company  was  unmistakably  too  high  due  either  to  experimental  error 
or  an  imprecise  test  method.  The  percent  hydrogen  of  14.78,  14,11  and  15.54 
for  samples  0002,  0003,  and  0004  could  only  be  representative  of  a highly 
paraffinic  fuel  (C..H  » 15.3%  H) . Coal  derived  kerosenes  are  composed 

primarily  of  saturated'^fused  ring  structures  representated  by  substituted 
alkyl  decalins.  For  example,  trimethyl  docalin  contains  13.4  percent  hydrogen. 
Therefore,  at  the  suggestion  of  NAPTC,  Sun  Oil  Company  reviewed  their 
analytical  procedure  for  the  determination  of  hydrogen.  It  was  found  that 
the  method  employed  by  Sun  was  unsatisfactory  for  analyzing  volatile 
materials  that  boil  in  the  range  up  to  218*C  (425*F).  The  samples  were 
re-evaluated  using  a different  technique  (Pregl  Method).  The  samples  were 
also  analyzed  by  an  Independent  laboratory  selected  by  the  Sun  Oil  Company. 
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The  average  values  of  the  hydrogen  content  were  resubmitted  to  UAPTC  and 
after  comparison  with  the  NAPTC  data,  the  values  were  found  to  be  acceptable. 
A compilation  of  the  values  for  the  hydrogen  content  from  the  various 
laboratories  are  listed  as  follows: 


Seunple  Values  Originally  Submitted  Averaged  Values  Submitted  NAPTC 


No. 

By  Sun  Oil  Company,  % 

By  Sun  Oil  Company,  % * 

Values, 

0001 

12.75 

12.9 

12.85 

0002 

14.78 

12.8 

13.40 

0003 

14.11 

13.4 

13.40 

0004 

15.54 

13.3 

13. 1C 

* Averaged  values  from  Sun  and 

independent 

laboratory  data. 

The  averaged  hydrogen  values  of  the  coal  derived  fuels  reported  by  Sun  are 
acceptable  and  will  be  considered  the  more  representative  values. 

b.  The  smoke  point  values  for  all  coal  derived  fuels  reported  by  Sun 
Oil  Congiany  were  in  complete  disagreement  with  the  NAPTC  data.  At  the 
suggestion  of  NAPTC,  both  laboratories  repeated  the  smoke  point  test  and 
the  original  data  reported  by  each  laboratory  were  duplicated.  Thus  the 
problem  of  inconsistencies  in  the  smoke  point  data  between  the  two 
laboratories  was  not  resolved.  NAPTC  ran  additional  studies  which  involved 
procedural  and  equipment  checks  using  ASTM  calibration  fuels  (isooctane- 
toluene  blends).  The  results  of  the  study  indicated  that  the  NAPTC  laboratory 
equipment  was  functioning  properly  and  the  procedure  employed  was  exactly 
as  prescribed  in  the  manj^l.  Therefore,  to  Esake  a judgment  as  to  which  data 
were  more  accurate,  the  ^toke  points  for  the  coal  derived  fuels  were  cal- 
culated using  the  averaged  hydrogen  content  values  and  the  empirical  equation: 
- 4.54  ♦ 3.03  Log^.  (sp) , where  ■ percent  hydrogen  by  weight  and  sp  ■ 
the  smoke  point  value  in  millimeters.  This  equation  was  obtained  from 
reference  (b).  The  calculated  and  the  experimentally  determined  smoke 
points  are  as  follows: 


Puel 

Averaged 
% Hydrogen 
by  weight 

NAPTC 

Smoke  Point 
Values,  mm 

Sun  Oil 
Smoke  Point 
Values,  mm 

Calculated 
Smoke  Point, 
mm 

0001 

12.9 

17 

11 

15.8 

0002 

12.8 

17 

11 

15.3 

0003 

13.4 

22 

16 

18.6 

0004 

13.3 

22 

26 

18.0 

A plot  of  these  data  is  shown  in  figure  1 of  enclosure  (2)  which  also  includes 
the  NAPTC  lata  for  the  calibration  fuel  blends.  Zt  can  be  seen  that  the 
NAPTC  smo’.e  point  data  are  closer  to  the  line  of  ideal  correlation  emd 
exhibit  a batter  trend  than  that  of  the  Sun  Oil  data  for  the  test  fuels. 
Therefore,  the  NAPTC  values  are  considered  to  be  more  accurate  and  will  be 
utilized  in  lieu  of  the  Sun  Oil  Company  data. 
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c.  The  API  gravity  values  of  all  the  coal  derived  fuels  were  lower 
tlian  the  range  of  values  normally  obtained  for  JP-5  fuel.  The  reason  for 
the  low  API  gravity  (high  specific  gravity)  is  the  basic  chenical  composition 
of  tile  fuel,  which  is  made  up  mostly  of  derivatives  of  decalins.  Oecalin 
and  Its  derivatives  have  specific  gravities  ranging  from  0.8"’2  (trans 
decalin)  to  0.U95  (cis  decalin).  Tlierefore,  it  is  an  accepted  fact  that 
JP-5  derived  from  coal  will  riave  a higher  sp.ecific  gravity  than  that  of 

the  petroleum  derived  fuel. 

d.  The  high  viscosity  values  of  the  coal  derived  fuels  could  be  a 
drai.'back  with  respiect  to  engine  starting  f^ei  formance  at  low  temperatures. 

The  cause  of  the  high  viscosity  is  either  the  unusual  chemical  c.omf>osition 
of  tlie  fuel  or  the  high  molecular  weight  comj^unds  at  the  ufj^er  distillation 
temperature  range,  or  both.  It  was  found  that  a significant  decrease  in 
viscosity  could  be  achieved  by  reducing  t)ie  distillation  end  fxjint  of  these 
fuels  to  260“C  (500*F).  The  high  aromatic  fuels  (samples  0001  and  0002) 
were  distilled  to  obta.n  an  end  point  temperature  of  260“C  (nOO'F)  with 

the  foliating  resulting  change  in  viscosities  of  these  fuels  as  measured 
at  -34*C  (-30*F). 

Viscosity,  Before  Viscosity,  After 

Distillation,  cSt  Distillation,  cSt 

0001  23.7  18.7 

UQ02  22.9  19.3 

It  has  not  been  determined  what  compounds  were  actually  removed,  ether  than 
"high  boilers”,  by  this  distillation.  This  decrease  in  viscosity  by 
limiting  the  fuel  to  an  end  point  temperature  of  260®C  (500*F)  is  equally 
applicable  to  the  low  aromatic  content  fuels.  This  change  in  the  end  point 
temperature  of  the  fuel  will  be  incorporated  into  the  Phase  II  refining  of 
the  larger  quantity  of  fuel  in  a.i  effort  to  provide  a more  representative 
JP-5  type  fuel  with  respect  to  the  viscosity. 

e.  The  thermal  oxidation  stability  characteristic  of  the  low  aromatic 
content  fuels  was  extremely  high,  having  brea)cpoint  temperatures  in  the 
range  of  371*C  (700*F)  and  higher,  as  defined  by  the  Jet  Fuel  Thermal 
Oxidation  Test  (JFTOT)  procedure.  The  high  brea)(point  temperatures,  which 
were  the  result  of  the  severe  two-stage  hydrotreatment  that  the  fuels  had 
received,  are  not  characteristic  of  conventional  JP-5.  Therefore,  the 
Phase  II  fuel  will  not  receive  this  severe  level  of  hydrotreatment  because 
this  high  degree  of  thermal  oxidation  stability  is  not  required  and  a 
two-stage  hydrotreatment  is  not  a current  refining  procedure.  The 
thermal  oxidation  stability  of  the  high  aromatic  fuels  is  considered  to 

be  marginal.  For  example,  the  minimum  temperature  requirement  of  MIL-T- 
5624J  is  2'0®C  (500*F) . Samples  0001  and  0002  had  breakpoint  temperatures 
of  257®C  (495®F)  and  263*C  (505*F)  respectively.  Conventional  JP-5  fuels 
on  the  average  had  breakpoint  temperatures  of  about  279®C  (535*F). 

£.  Tne  soluble  metal  content  of  the  coal  derived  fuel  was  investigated 
via  atomic  absorption  spectroscopy.  No  copper  or  iron  was  found  in  any  of 
the  four  samples,  however,  zinc  was  present  at  4 ppb  in  all  the  samples. 

This  amount  of  soluble  zinc  is  not  significant  and  does  not  contribute  to 
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the  fuel  quality  in  any  way. 

q.  The  initial  freeze  point  determinations  made  by  NAPTC  were 
complicated  by  the  excessive  quantities  of  water  dissolved  in  the  coal 
derived  fuels.  The  excess  quantities  of  free  water  produced  at  -34®C 
(-30®K)  caused  turbidity  due  to  ice  crystal  formation  thus  qivinq  false 
freeze  point  readings.  The  water  was  removed  from  the  fuels  h-/  drying 
with  3A  MoJecul.ar  Sieve  (hinde)  nr  anhydrous  magnesium  sulfate,  and  the 
freeze  points  re-determined.  The  agreement  between  the-  two  laiiorator ies 
with  respect  to  tlte  freezing  points  was  considered  acceptable.  T!ie 
slicl-.t  disagreement  is  believed  to  be  the  result  of  san;  ling.  Sun  Oil 
Company  ran  their  analysis  on  selected  stream  samples  from  the  hydrotreater, 
while  UAPTC  ran  tests  on  the  combined  stream  samples.  Therefore,  the  fuel 
evaluated  at  NAPT  ' is  a more  representative  simjle,  cori'eTuently  the  UAPTC 
data  are  more  representative  of  a coal  derived  fuel. 

h.  Tfie  significant  amount  of  dissolved  water  found  in  tlie  coal  derived 
fuel  samples  could  detrimentally  affect  t.he  fuel  resjor.se  tt  F3II  t resent 
in  the  fuel.  T1  erefore  a low  temperature  pumping  test  of  coal  derived  fuel 
with  and  without  icing  inhibitors  was  performed.  T.he  details  of  ttic  test 
equipment  are  described  in  reference  (c).  Sample  0002  a.nd  a typical  JP-5 
fuel  were  selected  for  tne  low  temperature  pumping  test  and  the  resulting 
data  obtained  are  as  follows: 


Dissolved  Water 


FSII  Content, 


Fuel/Filter  Icing 


Fuel 

Content,  ppm 

% Volume  • 

Tcmierature,  ®C 

JP-5 

75 

- 

-14 

(+7) 

75 

0.0156 

-26 

(-14) 

Saagile 

102 

- 

-12 

(+11) 

0002 

102 

0.0156 

-23 

(-10) 

• Ethylene  glycol  mononethyl  ether. 


The  data  indicated  that  despite  the  higher  concentration  of  dissolved  water 
in  the  coal  derived  fuel,  the  decrease  in  the  fuel/filter  icing  temperature 
for  both  fuels  was  identical  (li*C  (21*F)).  Vhis  result  is  contradictory  in 
that  it  would  be  expected  that  the  fuel  with  the  greater  water  content  would 
display  a smaller  decrease  in  fuel/filtcr  icing  temperature  because  of  the 
greater  amount  of  water  available.  The  data  i^r  the  uninhibited  fuels  do 
show  the  effect  of  the  water  co:  tent,  with  tlie\0002  fuel  having  a 2®C 
(4®F)  higher  fuel/filter  icing  temp>erature  than  does  tlie  JP-5.  It  can  only 
be  theorized  at  this  time  that  tne  identical  decrease  in  fuol/filter  icing 
temperature  for  both  fuels  was  ctused  by  different  water/fuel  solubility 
characteristics  versus  temperatu.o  or  lack  of  sjensitivity  of  the  test 
equipment. 
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St'BJECT;  NAVAIR  WUP  No.  NAPTC-81i  ~ Storage  Stability  Character! sties  of  Jf-5  Type 
Fuels  (Phase  I)  Derived  From  Coal 

ENCL  : (1)  Tables  I and  II 

1,  Introduction,  JP-5  frequently  is  stored  for  extended  periods  (years) 
in  the  field  and  therefore  must  be  resistant  to  chemical  change  in  order 
to  be  useable  in  aircraft  propulsion  systems  after  such  storage.  With 
the  probable  future  usage  of  fuels  derived  from  synthetic  crudes,  which 
will  differ  in  chemical  composition  from  current  JP-5,  it  is  necessary 
to  evaluate  their  storage  characteristics  in  order  that  any  instability 
problems  can  be  rectified.  For  this  reason,  four  JP-5  type  fuels  refined 
from  synthetic  crudes  derived  from  coal  were  evaluated  to  determine  their 
accelerated  storage  stability  characteristics.  The  fuel  parameters  tested 
were  thermal  oxidative  stability  and  existent  gums.  The  fuels  were  low 

(0  to  5 peuent)  and  high  (20  to  25  percent)  aromatic  content  samples 
derived  from  both  Utah  and  Western  Kentucky  coals,  biquifaction  of  the 
coal  into  synthetic  crudes  was  performed  by  FMC  Corporation  using  the 
Char  Oil  Energy  Development  (COED)  process.  The  fuel  samples  were  refined 
by  the  Sun  Oil  Company  from  the  synthetic  crudes  by  high  pressure  hydro- 
treatment  processing. 

2.  Conclusions.  After  storing  the  coal  derived  JP-5  type  fuels  for  26 
weeks  at  43*C  (110*F),  it  was  determined  that: 

e.  there  was  no  degradation  of  their  thermal  oxidation  stability 
characteristics . 


b.  one  of  the  four  fuels  exhibited  a significant  increase  in  gum 
content. 

c,  they  were  compatible  with  an  oxidation  inhibitor,  which  also 
eliminated  the  significant  increase  in  gum  content  which  occurred  with 
one  of  the  neat  fuels. 

3.  Recommendation.  The  mandetory  addition  of  an  oxidation  inhibitor  to 
JP-5  fuel  derived  from  coal  should  be  considered  for  storage  stability 
purposes  when  a specification  for  such  fuels  is  developed. 


4»  Description  of  the  Test  Fuels;  The  coal  derived  fuels  that  wore 
tested  are  identifio  as  follows: 
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Sample  Number 

Coal  Source 

Aromatic  Content,  Vol.  ' 

0001 

Western  Kentucky 

24.8 

0002 

Utah 

24.1 

0003 

Western  Kentucky 

4.7 

0004 

Utah 

6.1 

5.  Method  of  Test. 

The  experimental  details 

of  the  test  for  each  fuel 

are  as  follows: 

a.  Three  litres  (0.79  gal)  of  fuel  were  added  to  each  of  four  3.8  litre 
(1  gal)  canr  which  were  lined  with  an  inert  resin  coating. 

b.  A 1020  steel  (cold  rolled  blac)(  iron)  specimen  and/or  an  oxidation 
inhibitor  wore  added  to  three  of  the  cans  to  determine  their  compatibility 
with  the  fuel,  resulting  in  the  following  arrangement: 

(1)  Can  containing  fuel  only. 

(2)  Can  containing  fuel  and  blac)c  iron  specimen. 

(3)  Can  containing  fuel  and  oxidation  inhibitor. 

(4)  Can  containing  fuel,  black  iron  specimen  and  oxidation  inhibitor. 

c.  The  black  iron  specimen  had  a surface  area  cf  37,4  square  centimeters 
(S.8  square  inches)  and  was  cleaned  by  degreasing  with  benzene. 

d.  The  oxidation  inhibitor,  2,4-dimothyl-6-t-butyl  phenol  was  added  at 
the  prescribed  maximum  concentration  of  24  mg/1  (8.4  pounds/1000  barrels). 

e.  The  cans  were  maintained  at  a temperature  of  43*C  (110*F) . Every 
two  weeks  they  were  uncapped,  cooled  and  reheated  (total  period  of  24  hours) 
to  permit  the  Introduction  of  fresh  air  into  the  container  vapor  space.  The 
fuels  were  then  recapped  and  the  test  resumed. 

f.  The  test  was  conducted  for  26  weeks  after  which  the  fuel  samples 
were  evaluated  for  thermal  oxidation  stability,  using  the  Alcor  Jet  Fuel 
Thermal  Oxidation  Tester  (JFTOT) , ASTM  D-3241  and  gum  content  (in  duplicate) 
using  test  method  ASTM  D-381. 

6.  Results  and  Discussion. 


a.  Thermal  Oxidative  Stability  - This  characteristic  of  the  test  fuels 
was  measured  before  and  after  the  26  week  test.  The  thermal  oxidative 
stability  breakpoint  temperature  was  established  for  each  of  the  fuels  before 
storage  by  increasing  the  JFTOT  test  temperature  until  a failure  was 
achieved.  By  establishing  the  breakpoint  temperature  before  and  after 
the  storage  test,  the  magnitude  of  degradation  ceui  be  determined.  As  can 
be  seen  from  the  data  obtained.  Table  I of  enclosure  (1) , no  degradation 
occurred  so  that  it  was  not  deemed  necessary  to  establish  the  breakpoint 
temperatures  for  all  the  fuel  s^unples  after  the  storage  test.  Reviewing 
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the  data  for  sample  number  0001,  storage  apparently  has  a beneficial  effect 
upon  the  fuel  and  there  are  no  compatibility  problems  with  the  black  iron 
or  oxidation  inhibitor.  The  data  for  sample  0002  are  slightly  different 
from  that  of  sample  0001  in  that  the  neat  fuel  and  the  fuel/black  iron 
sample  show  no  change  in  breakpoint  temperature  (a  change  of  3®C  (5“F)  is 
insignificant  and  within  the  repeatability  of  the  test) . The  presence  of 
the  oxidation  inhibitor  produces  approximately  the  same  improvement  in 
breakpoint  temperature  as  occurred  with  sample  number  0001.  Sample  0003 
had  such  a high  breakpoint  temperature  that  it  was  only  feasible  to  rerun 
the  maximum  temperature  tested  before  storage.  In  this  case,  it  cannot 
be  determined  whether  or  not  degradation  occurred.  The  breakpoint 
temperature  data  for  sample  number  0004  indicate  that  no  degradation  occurred 
due  to  storage  and  that  some  improvement  is  prob^d^le.  Overall,  the  storage 
stability  of  these  fuels  derived  from  coal  with  respect  to  thermal  oxidative 
stability  appears  to  be  excellent. 


b.  Existent  Gum  Content  - The  gum  content  values  obtained  for  the  various 
fuel  seunples  before  and  after  the  storage  test  are  shown  in  Table  II  of 
enclosure  (1).  Other  than  sample  0002,  the  gum  content  changes  curing 
storage  for  the  various  fuels  are  not  considered  to  be  a problem.  The  10.2 
mg/100  ml  of  fuel  increase  in  gum  content  of  sample  0002  fuel  containing  the 
black  iron  is  considered  significant  as  it  would  eventually  exceed  the  14  mg/ 
100  ml  of  fuel  limit  for  service  fuels.  This  particular  test  sample  was 
stored  in  the  laboratory  at  room  temperature  for  an  additional  eight  weeks 
after  which  the  gum  content  was  found  to  be  48  mg/100  ml  of  fuel.  It  is 
readily  apparent  however,  that  the  presence  of  the  oxidation  inhibitor 
eliminates  this  gum  formation  problem.  It  is  also  significant  to  note  that 
the  gum  content  problem  for  seunple  0002  was  also  eliminated  by  the  additional 
refining  step  performed  to  produce  sample  0004  (both  samples  refined  from 
the  same  synthetic  crude  derived  from  Utah  coal).  Overall  it  would  appear 
to  be  necessary  to  add  an  oxidation  inhibitor  to  these  fuels  derived  from 
coal  to  achieve  storage  stability  with  respect  to  their  gum  content. 


J.  SOLASH 
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EFFECT 

SAMPLE 

NUMBER 

0001 


0002 


0003 


0004 


TABLE  I 

OF  F*^ORAGE  ON  THERMAL  OXIDATION  STABILITY  OF  COAL  DERIVT.D  FUELS 


BREAKPOINT  TEMPERATURE,  °C  (°F) 


CONSTITUENT 
ADDED  Tu  FUEL 

BEFORE 

STORAGE 

AFTER 

STORAGE 

* 

257 

(495) 

282 

(540) 

Black  Iron 

257 

(495) 

>277 

(530) 

Oxide ti''n  Inhibitor 

257 

(495) 

>277 

(530) 

Oxidation  Inhibitor/ 
Black  Iron 

257 

(495) 

>291 

(555) 

263 

(505) 

260 

(500) 

Black  Iron 

263 

(505) 

263 

(505) 

Oxidation  Inhibitor 

263 

(505) 

285 

(545) 

Oxidation  Inhibitor/ 

263 

(505) 

>288 

(550) 

Black  Iron 

4. 

>371 

(700) 

>371 

(700) 

Black  Iron 

>371 

(700) 

>371 

(700) 

Oxidation  Inhibitor 

>371 

(700) 

>371 

(700) 

Oxidation  Inhibitor/ 

>371 

(700) 

>371 

(700) 

Black  Iron 

368 

(695) 

>371 

(700) 

Black  Iron 

368 

(695) 

371 

(700) 

Oxidation  Inhibitor 

360 

(695) 

371 

(700) 

Oxidation  Inhibitor/ 

368 

(695) 

>366 

(690) 

Black  Iron 
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TABLE  II 

EFFECT  OF  STORAGE  ON  EXISTENT  GUM  FORMATION  OF  COAL  DERIVED  FUELS 


SAMPLE  CONSTITUL-NT 


NUMBER 

ADDED  TO  FUEL 

BEFORE  STORAGE 

AFTER.  STORAGE 

CHANGE 

0001 

- 

0.0 

0.6 

+0.6 

Black  Iron 

0.0 

0.2 

+0.2 

Oxidation  Inhibitor 

0.0 

0.0 

0.0 

Oxidation  Inhibitor/ 
Black  Iron 

0.0 

0.4 

*0.4 

0002 

- 

0.1 

2.6 

+2.5 

Black  Iron 

0.1 

10.3 

+10.2 

Oxidation  Inhibitor 

0.1 

0.0 

-0.1 

Oxidation  Inhibitor/ 
Black  Iron 

0.1 

0.8 

+0.7 

0003 

V 

0.0 

1.8 

+1.8 

Black  Iron 

0.0 

0.1 

+0.1 

Oxidation  Inhibitor 

0.0 

0.1 

+0.1 

Oxidation  Inhibitor/ 
Black  Iron 

0.0 

1.3 

+1.3 

0004 

- 

0.1 

1.2 

+1.1 

Black  Iron 

0.1 

0.9 

+0.8 

Oxidation  Inhibitor 

0.1 

0.0 

-0.1 

Oxidation  Inhibitor/ 
Black  Iron 

0.1 

1.6 

+1.5 

B~5 
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SUBJXCT:  NAVAIR  WUP  NAPTC-812  - Exposure  of  JP-5  Type  Fuels  Derived  From  Coal  to 

Copper  Surfaces;  effect  on  thermal  oxidation  stability  of 

1.  Introduction.  Small  quantities  (37. B liters  (10  gallons}}  of  coal 
derived  JP-5  type  fuels  were  provided  by  the  Sun  Oil  Company  through 
Contract  No.  N00140-74-C-0568«  Mod.  POOOOl.  These  fuels  have  been 
extensively  studied  with  respect  to  their  physical  and  chemical  properties 
(Appendix  A}.  However,  since  these  fuels  have  a different  cherical 
composition  from  petroleum  derived  JP-S,  their  investigation  m.st  go 
beyond  standard  testing.  One  such  area  of  concern  is  the  com;  :ttibility 
of  these  fuels  with  metal  surfaces  that  are  wetted  by  the  fue^.  This 
investigation  covers  the  compatibility  of  these  coal  derived  ' uels  with 
copper.  It  is  known  that  current  JP-S  degrades  in  thermal  ox ’.dative 
stability  when  s\d>jected  to  copper  surfaces.  The  main  thrust  of  this 
work  was  to  determine  tdiat  effect  the  exposure  to  copper  will  have  on  the 
thermal  oxidation  stability  characteristics  of  the  fuels  derJ /ed  frcm 
coal.  This  information  is  of  paramount  importance  since  coppr.r  is  one  of 
the  metals  used  in  the  construction  of  fuel  handling  systems  on  aircraft 
carriers. 

2*  Conclusions. 

a.  Copper  migrates  as  a fuel  soluble  metallic  complex  into  the  JP-5 
type  fuels  derived  from  coal  at  a significant  rate. 

b.  The  rate  of  copper  migration  was  found  to  be  a function  of  the 
liydrotreatment  level  used  for  refining  of  the  coal  syncrudes.  The 
higher  aromatic  content  fuels  (single  stage  hydrotreatment}  produced 
hlglter  copper  migration  rates  than  did  the  low  aromatic  content  fuels 
(two  stage  hydrotreatment} . 

c.  The  coal  derived  JP-S  type  fuels  exhibited  higher  and  lower  copper 
migration  rates  than  did  a current  JP-S  fuel.  The  higher  rates  occurred 
with  the  high  aromatic  content  fuels  and  the  lower  rates  occurred  with  the 
low  aromatic  content  fuels. 

d.  The  thermal  oxidation  stability  of  all  fuels  derived  from  coal 
and  the  current  JP-S  fuel  were  adversely  affected  by  a soluble  copper 
concentration  of  200  parts  per  billion  (ppb} . 

3.  Recommendations . 

a.  Copper  passivators  such  as  benzotriazole  should  be  investigated  as 
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a fuel  additive  to  eliainate  copper  contamination  of  fuels  derived  from 
coal  when  exposed  to  copper  surfaces. 

b.  The  possible  reduction  in  thermal  oxidation  stability  of  fuels 
derived  from  coal  during  long  periods  of  exposure  to  other  metals, 
specifically  iron,  should  be  investigated. 

4.  Description  of  Test  Fuels.  The  coal  derived  fuels  tested  were  identifieJ 
as  samples  numbers  0001  through  0004.  A general  description  of  the  fuels 
is  as  follows: 


Aiomatic  Content  Distillation  Range, 


Identification 

Coal  Source 

Vol.  % 

*c. 

(“F) 

0001 

Western  Kentucky 

24.8 

202-383 

(396-542) 

0002 

Utah 

24.1 

209-279 

(400-535) 

0003 

Western  Kentucky 

4.7 

200-286 

(392-546) 

0004 

Utah 

6.1 

207-282 

(404-539) 

5.  Method  of  Test. 

a.  Cleaned 

copper  specimens  having 

a constant 

surface  area 

were  exposed 

to  an  exact  volume  of  each  the  test  fuels,  and  the  rate  of  copper  migration 
(fuel  soluble  copper  complex)  was  measured  as  a function  of  time.  The 
c ’Iterion  used  to  determine  the  relative  severity  of  copper  solubilization 
of  the  fuel  was  to  record  the  time  required  to  reach  200  pi^  soluble  copper. 

b.  The  experimental  details  used  to  measure  the  rate  of  copper  migration 
are  as  follows: 

(1)  Copper  Surface  Area  to  Fuel  Volume  - Twelve  copper  specimens, 
each  having  a dimension  of  25.4  mm  (1  inch)  by  101.6  mm  (4  in)  by  1.58  mm 
(1/16  in)  were  suspended  vertically  in  a polypropylene  beaJcer  containing 
1.97  litres  (0.52  gal)  of  test  fuel.  This  arrangement  resulted  in  2825  mm^ 
of  copper  surface  to  1 liter  of  fuel  or  199  inVgel. 

(2)  Copper  Surface  Preparation  - Prior  to  immersing  the  specimens 
in  the  fuel,  each  specimen  was  cleaned  by  rubbing  the  surface  with  steel 
%KX>1  until  a bright  finish  was  produced.  This  step  was  followed  by  an 
isopropanol  rinse.  The  specimens  were  then  dried  under  vacuum. 

(3)  Fuel  Environment  and  Seunpling  - The  test  was  conducted  at  room 
temperature  and  under  dynamic  conditions  which  were  produced  by  the  stirring 
action  of  a magnetic  stirrer  employing  a teflon  coated  bar.  The  stirring 
rate  was  arbitrarily  set  at  a moderate  rate  in  order  to  prevent  the  stirring 
bar  from  becoming  misaligned  or  producing  vibration.  Also  the  rate  was 
sufficient  to  avoid  excessive  heating  of  the  fuel  by  tie  magnetic  stirrer. 

The  rate  of  stirring  was  maintained  constant  for  all  determinations.  The 
test  fuels  were  analyzed  for  soluble  copper  at  one  hour  intervals,  by 
aspirating  the  fuel  directly  into  the  Atomic  Absorption  Spectrophotometer. 

The  fuel  samples  were  aspirated  from  the  center  of  the  beaJter  midway  between 
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the  fuel  surface  and  the  bottom  of  the  beaker  to  eliminate  concentration 
gradients. 

(4)  Determination  of  Fuel  Copper  Content  - Soluble  copper 
determinations  were  made  using  a Perkin  Elmer  Spectrophotometer,  Model  403. 
Copper  concentration  standards  were  prepared  from  500  ppm  copper  as  Bis 
(1  phenyl-1,  3 butanediono)  Copper  II  contained  in  an  oil  matrix.*  This 
standard  was  purchased  from  F and  J Scientific,  Monroe,  Connecticut.  The 
hydrocarbon  diluent  for  preparing  the  various  copper  concentrations  was 
the  actual  test  fuel  after  it  had  been  clay  treated  to  remove  any  trace  of 
soluble  copper.  Copper  standards  were  prepared  for  each  test  fuel. 

d.  The  effect  of  soluble  copper  on  the  fuel  thermal  oxidation  stability 
was  measured  at  a constant  concentration  of  copper,  200  ppb.  The  thermal 
oxidation  stability  breakpoint  temperature  was  determined  by  use  of  the 
Alcor  Jet  Fuel  Thermal  Oxidation  Tester  (JFTOT)  employing  the  test  procedure 
outlined  in  ASTTl  D-3241.  The  thermal  oxidation  stability  breakpoint 
temperature  is  the  maximum  test  temperature  at  whicdi  satisfactory  results 
are  obtained. 

6.  Discussion  of  Results. 


a.  The  rates  at  which  copper  migrated  into  the  fuels  derived  from 
coal  and  the  current  JP-S  are  as  follows: 

Aromatic  Content  Time  (hours  to  reach 
Sample  No.  Coal  Source  Vol.  % 200  ppb  soluble  copper) 


0001 

Western  Kentucky 

24.8 

22 

0002 

Utah 

24.1 

35 

0003 

Western  Kentucky 

4.7 

80 

0004 

Utah 

6.1 

120 

Reference 

JP-5 

— 

13.0 

42 

It  can  be 

observed  that  tha  coal 

derived  fuels  with  high 

aromatic 

solubilised  200  ppb  copper  in  a shorter  period  than  did  the  reference  JP-5 
and  the  low  aromatic  content  fuels  derived  from  coal.  It  can  also  be  noted 
that  the  low  aromatic  content  fuels  produced  the  lowest  rates  of  copper 
migration  of  all  the  fuels.  The  apparent  explanation  for  this  mild  attack 
by  the  low  aromatic  fuels  is  that  the  high  degree  of  hydrotreatment  to  which 
they  were  submitted  removed  the  polar  compounds  responsible  for  copper 
solubilization.  ‘ In  refining  the  crude  to  produce  fuel  with  an  aromatic 
level  of  0-5  percent  by  volume,  the  non-hydrocarbon  or  polar  compounds 
were  converted  to  hydrocarbons. 

b.  The  thermal  oxidation  stability  of  the  fuels  derived  from  coal  and 
the  ctirrent  JP-5  was  detrimentally  affected  by  the  presence  of  200  ppb 
soluble  copper.  This  effect  was  observed  by  compeuring  the  thermal  oxidation 
stability  breakpoint  temperatures  of  the  fuels  determined  before  the  test 
and  when  the  fuels  contained  200  ppb  copper.  The  data  are  as  follows: 
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Breakpoint  Tern  arature.  Breakpoint  Temperature, 
Sample  No.  No  Copper  AJdec  *C,  (*P)  200  ppb  Copper,  °C,  (*F) 


0001 

257 

(495)* 

210 

(410)* 

0002 

266 

(510)* 

<199 

(390)** 

0003 

>371 

(700)* 

- 302 

(575)** 

0004 

386 

(695)* 

• 332 

(630)** 

'-5  Reference 

320 

(575)* 

236 

(460)* 

• Preheater  Tube  Rating  Failure. 

**  Pressure  Drop  Rating  Failure. 

In  several  cases  the  breakpoint  temperatures  were  listed  as  less  than 
some  value  because  the  thermal  oxidation  stability  testing  had  to  be 
terminated  at  that  value  because  of  the  lack  of  fuel.  However,  the  data 
that  were  obtained  clearly  showed  that  the  breakpoint  temperature  of  each 
fuel  regardless  of  its  original  thermal  oxidation  stability  value  is 
significantly  lowered  by  the  presence  of  200  ppb  soluble  copper. 

c.  The  ability  of  copper  passivators  to  prevent  the  copper  contamnaticr. 
of  fuel  derived  from  coal  should  be  investigated  in  order  to  be  adsle  to 
correct  this  deficiency  if  it  would  become  operationally  required. 
Benzotriasole,  a copper  passivating  additive,  has  been  laboratory  and  service 
tested  successfully  with  current  JP-5  fuel. 
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SUBJECT:  NAVAIR  WUA  No.  NAPTC-175-4R6-386  - Elastomeric  Material  Compatibility 

Studies  With  JP-5  Type  Fuels  (Phases  I and  II)  Derived  From  Coal 

REF  2 (a)  KAPTC  Work  Request  N62376-75-WR00042  of  27  November  1974 

£NCL  : (1)  Table  1 

1.  Introduction.  Samples  of  coal  derived  fuels  were  evaluated  in  regard 
to  their  compatibility  with  air  frame  and  engine  fuel  system  elastomers 
representative  of  the  S3A  aircraft.  The  work  was  performed  by  the  Naval 
Air  Development  Center  (NAOC) , Warminster,  PA  in  accordance  with  reference 
(a).  This  report  contains  the  results  of  the  NADC  tests. 

2.  Conclusion,  The  coal  derived  fuels  had  satisfactory  compatibility  with 
the  elastomers  tested. 

3.  Recommendation.  Additional  tests  should  be  performed  to  assure  the 
coB^atibllity  of  coal  derived  fuels  with  the  elastomeric  materials  used 
in  other  Navy  aircraft. 

4.  Description. 

a.  The  elastomeric  materials  (polymers)  tested  were  as  folxows: 

(1)  Polymer  "A"  - FS  Standard  (LS-63U)  - Formulated  and  cured  as 
described  Fluorosilicone  Polymer  in  OSAF  Bulletin  539. 

(2) '  Polymer  "B”  - FA  Standard  (Viton  A)  - Formulated  and  cured  as 
described  Fluorocarbon  Polymer  in  USAF  Bulletin  539. 

1 

(3)  Polymer  "C"  - PR-1422  - MID-S-8802  Sealing  Coo^und,  Temperature 

Resistant,  Integral  Fuel  Tanks  and  Fuel  Cell  Cavities,  High  Adhesion. 

\ 

(4)  Polymer  "D"  - PR-702  - Chemnel  Sealant  - Sealing  Compound  Non- 
Curing,  Groove  Injection  for  Integral  Fuel  Tanks. 

(5)  Ftolymer  "E"  - PR-1560  - MIL-C-27725  - Coating,  Corrosion 
Preventative,  for  Aircraft  Integral  Fuel  Tanks. 

b.  The  test  fuels  are  Identified  in  the  following  table. 
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Fuel  Identification 

Aromatic  Content,  % Vol. 

Coal  Source 

0001 

24.8 

Western  Kentucky 

0002 

24.1 

Utah 

0003 

4.7 

Western  Kentucky 

0004 

6.1 

Utah 

0005 

24.0 

Western  Kentucky 

Control  (JP-5) 

13.0 

N.A. 

5.  Method  of  Test.  Elastomer  test  si>ecimens  were  immersed  into  each  of 
the  test  fuels  for  a period  of  28  days.  The  fuel  temperature  was  naintairiod 
at  49*C  (120*F) . After  28  days  the  specimens  were  evaluated  for  chan^jo  ; 

in  properties  in  accordance  with  ASTM  Method  D-471-72.  The  elastomeric 
physical  properties  investigated  were: 

a.  Durooieter  hardness  - Shore,  Type  A. 

b.  Volume,  % change  in. 

e.  Specific  Gravity,  % change  in. 

d.  Visual  inspection  for  blisters,  cracking  or  softening. 

6.  Analysis  and  Discussion  of  Results.  The  data  resulting  from  the  immersion 
tests  of  the  five  specimens  in  the  test  fuels  are  given  in  Table  I of 
enclosure  (1).  An  interpretation  of  the  data  was  provided  by  private 
communication  with  the  materials  personnel  at  NADC.  It  was  their  opinion 
that  the  five  synthetic  fuels  had  no  adverse  effects  on  the  elastomers, 

tdien  comp2ured  to  the  results  obtained  with  the  petroleum  derived  JP-5 
control  fuel.  There  were  no  significant  differences  in  the  data  that  would 
indicate  incompatibility  of  the  fuels  derived  from  coal  with  the  elastomers 
used  in  the  S3A  aircraft  air 
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T^BLE  I 

CmPATIBILITY  OF  ELASTOMERS/SEALANTS  (S3A  AIP.CPAFT) 
WI TH  COAL  DERIVED  JP-5  TYPE  FUELS 


0001 

0002 

0003 

0004 

0005 

JP-5 

Polymer  **A" 
Volume  Change,  % 

8.3 

8.0 

8.5 

7.0 

9.8 

9.8 

Specific  Gravity,  Change 

-0.05 

-0.05 

-0.05 

-0.04 

-0.06 

-0.06 

Hardness  Points,  Change 

-6 

-7 

-6 

-6 

-5 

-7 

Polymer  "B" 

Volume  Change,  % 

3.5 

4.0 

3.7 

4.2 

3.5 

5.7 

Specific  Gravity,  Change 

-0.06 

-0.05 

-0.05 

-0.05 

-0.04 

-0.06 

Hardness  Points,  Change 

-3 

-3 

-2 

-3 

-2 

-3 

Polymer  "C" 

Volume  Change,  % 

3.5 

3.1 

1.6 

1.6 

5.1 

3.4 

Specific  Gravity,  Change 

-0.03 

-0.02 

-0.01 

-0.01 

-0.04 

-0.01 

Hardness  Points,  Change 

-2 

-2 

0 

-1 

-3 

-2 

Polymer  "D" 

VoluB«e  Change,  % 

5.3 

3.6 

1.6 

0.7 

5.6 

3.8 

Specific  Gravity,  Change 

-0.03 

-0.01 

-0.01 

-0.01 

-0.03 

-0.02 

Hardness  Points,  Change 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Polymer  **E" 

Polymer  showed  no  evidence  of  blistering,  cracking  or  softening  with  any  of 
the  test  fuels. 
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NAVAIR  WUA  No.  NAPTC-17S-4R6-386  - Analysis  of  JP-5  Type  Fuel  (Phase  II; 
Derived  From  Coal 

(a)  Specification  MID-T-S624K,  Grade  JP-5 

(b)  Preparation  of  Gas  Turbine  Engine  Fuel  From  Synthetic  Crude  Oil 
Derived  from  Coal,  Phase  II  Final  Report,  Sun  Oil  Ccanpany 

(1)  Tables  I and  II 

1.  Introduction.  As  recommended  in  Appendix  A,  0.95  metre^  (250  gallons) 
of  a high  aromatic  content  fuel  were  refined  by  the  Sun  Oil  Company  (Contrai 
N00140-74-C-0568,  Mod,  POOOOl) , from  syncrude  derived  from  Western  Kentucky 
coal.  Having  established  the  deficiencies  (in  comparison  to  the  requirenen' 
of  reference  (a)),  of  a similar  0.004  m^  (10  gal)  sample  of  this  fuel,  the 
distillation  end  point  for  this  fuel  was  changed  to  260*0  (500*F)  vice 
279*0  (535*F)  in  order  to  iB5>rove  the  viscosity  and  gravity  characteristics. 
This  report  provides  the  physical  and  chemical  analyses  that  were  performed 
on  this  Phase  II  sample  of  JP-5  type  fuel  derived  from  coal. 

2.  Conclusions. 


a.  The  Phase  II  fuel  compared  favorably  to  the  JP-5  requirements 
(reference  (a)}  in  all  characteristics  except  gravity,  smoke  point,  thermal 
oxidation  stability  and  particulate  matter. 

(1)  The  particulate  matter  and  thermal  oxidation  stability 
chauracterlstics  can  be  improved  to  the  levels  required  by  reference  (a) 
by  conventional  and  clay  filtration  techniques,  respectively. 

(2)  The  smoke  point  con  be  improved  to  the  level  required  by 
reference  (a)  by  additional  hydrotreatment  of  the  fuel  during  the 
refining  process. 

(3)  The  higher  density  is  Inherent  in  the  composition  of  the  fuel 
and  would  be  impractical  to  change  since  it  should  not  be  detrimental  to 
engine  operation. 

b.  Decreasing  the  distillation  end  point  of  the  fuel  (as  compared  to 
the  original  0.004  m^  (10  gal)  sample)  significantly  improved  the  viscosity, 
gravity  and  freeze  point,  and  decreased  the  flash  point  of  the  fuel. 

3.  Recommendations . This  fuel  should  be  subjected  to< 
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m.  * short  •n9ine  test  to  svaluate  its  sffect  upon  angirts  perf omance . 

b.  engine  and  fuel  system  component  type  tests  to  determine  any 
detrimental  effects  on  component  performance. 

4.  Analysis  and  Oiscussion  of  Pesults. 

a.  The  Phase  II,  high  aromatic  fuel  derived  from  a Western  Kentucky 
coal  was  analyzed  and  the  data  obtained  are  given  in  Table  I of  enclosure  'X). 
Corresponding  data  from  the  Sun  Oil  Company  analysis,  reported  in  reference 
(b) , as  well  as  the  JP-5  requirements  (reference  (a))  are  also  given  in 
Table  I for  comparison  purposes,  both  laboratories  show  reasonable  agreement 
with  the  exception  of  the  smoke  point  data.  The  NAPTC  smoke  f-oint  data  are 
believed  to  be  more  accurate  based  upon  the  analysis  performed  in  Appendix  A. 

b.  The  Phase  II  coal  derived  fuel  compared  favorably  to  the  JP-5 
requirements  (reference  (a})  in  all  characteristics  except  gravity,  smoke 
point,  thermal  oxidation  stability  and  contamination.  The  latter 
property  is  not  significant  since  particulate  matter  can  easily  be  removed 
from  the  fuel  by  conventional  filtering  methods.  The  smoke  point  and 
gravity,  however,  are  related  to  basic  ches.'cal  composition  cf  the  fuel. 

A refined  coal  derived  fuel  is  composed  of  fused  saturated  polynuclear 
aromatics  such  as  decalin.  These  compounds  have  much  higher  gravity  than 
the  compounds  normally  found  in  petroleum.  Therefore,  fuels  derived  from 
coal  will  normally  have  higher  gravity  values  than  do  petroleum  fuels.  The 
smoke  point  Is  slightly  below  the  JP-S  limit.  The  hydrogen  content  of  the 
fuel,  13  percent  by  weight  is  undoubtedly  responsible  for  the  low  smoke 
point.  Reviewing  Appendix  A,  it  can  be  seen  that  the  low  aromatic  fuel 
derived  from  Western  Kentucky  coal  had  a hydrogen  content  of  13.4  percent 
and  a smoke  point  value  of  22  mm.  It  is  therefore  indicated  that  additional 
hydrogen  treatment  of  the  Phase  II  fuel  is  required  to  improve  its  smoke 
point. 

c.  The  thermal  oxidation  stability  breakpoint  temperature  was  determined 
to  be  249*C  (480*F)  «diich  is  11*C  (20*F)  below  the  JP-5  requirement.  An 
analysis  of  the  fuel  for  soluble  metals  revealed  the  presence  of  15  ppb 
copper,  38  ppb  Iron,  and  50  ppb  zinc.  The  equivalent  Phase  I high  aromatic 
fuel,  on  the  other  hand,  had  no  detectable  soluble  metals  present,  and  had 

a 260*C  (500*F)  thermal  oxidation  stability  breakpoint  temperature. 

Therefore,  it  can  be  projected  that  high  aromatic  fuel  derived  from  coal 
will  have  marginal  thermal  oxidation  stability  characteristics  and  that  the 
slightest  soluble  contamination,  such  as  soluble  metals,  will  cause  this 
characteristic  to  become  deficient.  The  Phase  II  fuel  was  clay  treated  to 
remove  the  soluble  metals.  This  treatment  resulted  in  an  increase  of  the 
thermal  oxidation  stability  breakpoint  tmnperature  to  282*C  (540*F) . This 
was  a significant  increase,  vdien  compared  to  the  260 *C  (500*F)  value  for 
the  Phase  I fuel.  The  clay  treatment  probably  removed  the  soluble  metals 
and  non-hydrocarbon  deposit  precursors  as  well. 

d.  The  properties  of  the  Phase  I and  Phase  II  high  aromatic  fuels  derived 
from  a Western  Kentucky  coal  were  compared  to  determine  the  effects  produced 
by  the  varying  distillation  range  of  the  two  fuels.  The  data  are  shown  in 
Table  II  of  anclosure  (1).  It  can  be  seen  that  adjusting  the  distillation 
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r.inqe  of  the  fuel  varied  all  of  the  charactevistics  shown  in  Table  II. 

By  decreasing  the  initial  and  final  boiling  iM>ints,  the  followi.ng 
chances  occurred: 

(1)  the  excessive  margin  of  the  flash  point  value  of  the  Phase  I 
fuel  (when  conpared  to  tlie  JP- 5 requirement)  was  reduced  to  a mininun 
acceptable  margin  for  the  Phase  II  fuel. 

(2)  the  unsatisfactory  viscosity  valu*»  of  the  Phase  I fuel  was 
reduced  to  a value  for  the  Pnase  II  fuel  that  was  well  witain  the  JP-5 
requirement, 

(3)  the  rinimal  margin  in  freeze  point  value  (when  compared  to 
the  JP-5  requirement)  for  the  Piiase  I fuel  became  an  exc€>ssivt:  trwrgin  f >■ 
the  Phase  II  fuel. 

(4)  the  specific  gravity  value  decreased  but  renamed  above  the 
requirement.  This  factor  is  not  considered  to  be  disqualifying  from  t.'.e 
■tandpoint  of  satisfactory  gas  turbine  engine  operation. 

a.  From  the  analysis  of  the  data  obtained,  it  is  concluded  that  a JP 
fuel  that  will  meet  all  the  requirements  of  JP-5  (reference  fa))  but  for 
specific  gravity,  can  be  derived  from  Western  Kentucky  coal. 
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NAVAIR  WA  No.  NAPTC-175-4Rb-386  - JP-5  Type  Fuel  (Phase  II)  Do.ived  From 
Coal}  effect  on  coalescer  element  performance 

(1)  Fiqures  1 through  5 

1.  Introduction.  The  chemical  composition  of  a coal  derived  JP-5  type 
fuel  differs  significantly  from  the  current  petroleum  derived  JP-5. 

Because  of  this  difference,  fuel  properties  such  as  density  and  viscosity 
will  be  affected  and  possibly  the  water/fuel  separation  characteristics. 

These  properties  could  very  well  affect  the  water  removal  efficiency  of 
coalescers.  Therefore,  laboratory  tests  of  the  effects  of  the  Phase  II 

coal  derived  JP-5  type  fuel  (high  aromatic  fuol)  derived  from  Western  Kentucky 
coal  on  water  coalescence  were  performed. 

2.  Conclusions. 


Memorandum 


a.  The  fuel  derived  from  coal,  did  not  have  an  adverse  effect  on  the 
water  removing  ability  of  a typical  coalescer  conforming  to  Specificatiens 
MIL-F-52308  and  MIL-F-8901. 

b.  Combining  a small  quaihtity  of  the  coal  derived  fuel  with  a large 
amount  of  petroleum  base  JP-5  fuel  altered  the  water  removing  ability  of 
the  coalescer  element. 

3.  Recommendation.  Additional  tests  should  be  performed  to  evaluate  the 
effect  of  various  ccal  derived  fuel/petroleum  base  JP-5  blends  on  the  water 
separation  characteristics  of  coalescers. 

4.  Description  of  Test. 

e.  The  Coalescer  Test  System  consists  of  a 0.18  cubic  meter  (47  gallon) 
fuel  tank,  centrifugal  pump,  transparent  test  and  clean  up  sections, 
flowmeter  and  connecting  piping.  This  system  is  shown  in  figure  1 of 
enclosure  (1). 

b.  Prior  to  filling  the  systeri  with  the  coal  derived  fuel,  the  system 
was  flushed  and  completely  dried  to  eliminate  all  traces  of  prior  fuel. 

New  coalescer  elements  were  installed  in  the  test  and  clean  up  sections. 

The  elements  used  were  manufactured  by  the  Velcon  Corporation  and  were 
dated  May  25,  1970.  This  particular  element  was  selected  as  being  a 
typical  element  conforming  to  Military  Specifications  MII.-F-52308  and 
MIL-F-P901. 
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5.  Method  of  Test. 

a.  The  test  program  was  designed  to  condition  the  coalescer  hy  passing 
clean  dry  fuel  through  the  element  for  30  minutes  prior  to  introducing 
distilled  water  into  the  system.  To  insure  complete  emulsification,  the 
water  was  injected  into  the  fuel  at  the  inlet  side  of  the  pump.  Tlie 
following  water  concentrations  were  added  for  30  minute  intervals;  0.01, 
0.05,  0.1,  0.5,  and  1.0  percent  of  fuel  flow.  A fuel  flow  of  1.3  litres 
per  second  (20  gallons  per  minute  (gpm) ) was  used  throughout  the  test 
sequence.  The  pressure  differential  across  the  element,  free  water  in 
effluent  fuel  from  the  coalescer,  coalesced  water  drop  sizes,  fuel  and 
water  color  and  drop  distribution  on  the  clement  surface  were  recorded. 

At  the  conclusion  of  the  test,  the  Water  Separation  index.  Modified  (WSI.*;) 
of  the  fuel  was  determined  by  using  ASTM  Method  D-2550.  This  test  is 
indicative  of  the  water  separation  ability  of  the  fuel  and  would  indicate 
tlie  presence  of  surface  active  agents  (surfactants). 

b.  After  completing  the  test  sequence  with  the  coal  derived  fuel,  the 
system  was  completely  drained.  The  system  was  not  dried  or  flushed  and 
the  coalescers  were  not  changed  prior  to  refilling  the  system  with  the 
petroleum  derived  JP-5.  By  this  means,  a minimal  concentration  of  coal 
derived  fuel  in  petroleum  derived  JP-5  was  achieved.  The  same  test  was 
then  conducted  on  this  fuel  as  had  been  conducted  on  the  coal  derived  fuel. 

6.  Analysis  of  Results  and  Discussion. 

a.  Figure  2 of  enclosure  (1)  shows  the  free  water  in  the  coal  derived 
fuel  effluent  from  the  coalescer  element  as  a function  of  fuel  throughput 
and  water  added  to  the  fuel.  For  comparison  purposes,  data  are  shown  for 
an  identical  element  that  had  been  previously  tested  using  a petroleum 
derived  JP-5  fuel.  As  indicated,  the  coal  derived  fuel  and  regular  JP-5 
exhibited  similar  performance  characteristics  in  the  coalescer  test. 

b.  Figure  3 of  enclosure  (1)  shows  the  corrcspo.nding  coalescer  element 
pressure  differential  data  obtained  during  the  water  tests.  The  trend  of 
increasing  pressure  drop  with  increasing  water  concentration  for  both  tests 
is  similar.  The  reason  for  the  high  pressure  differential  using  the  coal 
derived  fuel  is  the  high  solid  contamination  level  of  the  fuel  that  was 
used.  During  the  initial  30  minutes  of  operation  on  dry  fuel,  the  solid 
contamination  in  the  fuel  was  removed  by  the  coalescer  and  produced  the 
high  pressure  drop. 

c.  The  water  drops  formed,  using  the  coal  derived  fuel,  were  clear  and 
large  (6.35  mm  (1/4  inch)  in  diameter)  at  water  concentrations  up  to  0.1 
percent.  At  the  0.5  and  1.0  percent  water  concentrations,  the  drop  size 
increased  to  7.94  mm  (5/16  inch)  diameter.  Throughout  the  test  little  or 
no  drops  were  formed  v/hich  were  smaller  in  di>uneter  than  noted  above  and 
the  coalesced  water  was  distributed  evenly  over  the  entire  surface  of  the 
element.  After  the  coalescer  test,  a WSIM  test  of  the  coal  derived  fuel 
gave  a value  of  99  indicating  good  water  separation  characteristics. 

d.  After  completing  the  test  sequence,  the  coal  derived  fuel  was 
permitted  to  drain  from  the  system  for  12  hours.  It  was  noted  that  the 
tost  and  clean-up  elements  were  still  wet  but  not  dripping.  The  system 
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was  then  filled  with  a petroleum  based  JP-5  and  tlie  testing  sequence 
repeated.  When  the  test  housing  was  full  and  the  fuel  was  circulating, 
the  petroleum  based  JP-5  appeared  to  wash  the  coal  derived  fuel  from 
the  element.  This  phenomenon  was  also  noted  in  the  clean-up  housing 
and  appeared  as  a density  gradient  which  disappeared  after  1.1  cubic 
meters  (300  gals)  of  fuel  had  passed  through  the  element.  Figure  4 of 
enclosure  (1)  shows  the  ability  of  the  element  to  remove  the  free  water 
added  to  this  fuel.  It  is  noted  that  the  element  performance  has  been 
significantly  affected  at  the  higher  water  concentrations  of  0.5  and  1.0 
percent  when  compared  to  that  of  the  coal  derived  fuel  test.  There  is 
no  differevtce  in  performance  at  the  lower  water  concentrations.  The 
drops  formed  were  clear  and  6.35  mm  (1/4  inch)  in  diameter  up  to  the  0.5 
and  1.0  percent  water  concentrations.  At  these  higher  water  concentrations, 
smaller  drops  (1.59  nra  (1/16  inch)  and  0.79  mm  (1/32  inch)  diameter)  were 
formed.  These  drops  were  carried  in  the  coalescer  effluent  fuel  but  were 
removed  by  the  Teflon  screen  separator.  Undoubtedly  smaller  drops,  not 
visible  to  the  naked  eye,  were  also  formed  which  passed  through  the 
separator  and  resulted  in  the  higher  free  water  values  shown  in  figure  4. 

e.  Figure  5 of  enclosure  (1)  shows  the  comparison  of  pressure* differential 
data  across  the  test  coalescer  element  at  the  various  water  concentrations 

for  the  two  tests.  No  significant  difference  in  the  pressure  differential 
characteristics  is  apparent.  The  WSIM  value  of  the  petroleum  based  fuel 
after  the  test  was  99. 

f.  The  deterioration  in  coalescer  performance  that  was  observed  when 
using  the  petroleum  derived  JP-5  containing  a minimal  amount  of  coal 
derived  fuel  should  be  further  Investigated.  Although  the  magnitude  of 
this  deterioration  is  not  great  (3  ppm),  this  condition  could  become 
serious  with  fuel  blends  containing  different  ratios  of  these  fuels  if 
the  condition  noted  is  a real  effect  and  not  the  results  of  some  testing 
inconsistency. 
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FIGURE  3.  PRESSURE  DIFFERENTIAL  AT  VARIOUS  WATER  CONCENTRATIONS 
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FIGURE  4.  WATER  REMOVING  ABILITY  AT  VARIOUS  WATER  CONCENTRATIONS 
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FIGURE  5.  PRESSURE  DIFFERENTIAL  AT  VARIOUS  WATER  CONCENTRATIONS 
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1.  Introduction.  A JP-5  type  fuel  derived  from  coal  was  provided  by  contract, 
reference  ^a),  in  sufficient  quantity  to  conduct  short  T63-A-5A  engine 
performance  and  exhaust  emission  tests  under  sea  level  environmental 
conditions.  This  report  covers  the  details  of  these  tests. 


2.  Conclusions. 


a.  The  JP-S  type  fuel  derived  from  coal  performed  satisfactorily  in  a 
T53-A-5A  engine  under  sea  level  environmental  conditions. 

b.  The  carbon  monoxide  (C) , total  unburned  hydrocarbons  (THC)  and  oxides 
of  nitrogen  (NO  ) emissions  for  the  coal  derived  JP-5  type  fuel  were 
equivalent  to  tiiose  obtained  with  ,the  petroleum  derived  JP-5  in  the  T63-A-5A 
engine. 

3.  Recommendation.  Continue  testing  of  fuels  derived  from  coal  in  current 
aircraft  engines  under  more  stringent  conditions  of  time,  temperature  and 
altitude,  to  establish  engine  performance  and  endurance. 

4.  Description. 

a.  The  Allison  T63-A-5A  engine  is  a turboshaft  engine  of  the  free 
turbine  type  and  is  used  in  the  Army  OH-58A  and  Navy  TH-57A  helicopters. 

The  gas  producer  section  is  composed  of  a combination  six-stage  axial 
flow-one  stage  centrifugal  flow  compressor  directly  coupled  to  a two-stage 
free  turbine  which  is  gas  coupled  to  the  gas  producer  turbine.  The  engine 
contains  an  Integral  reduction  gearbox  (5.84>1)  which  provides  an  internal 
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spline  output  drive  at  the  front  of  the  gearbox.  The  engine  has  a single 
combustion  chamber.  The  output  shaft  centerline  is  located  below  the 
centerline  of  the  engine  rotor  and  the  exhaust  is  directed  upward  through 
dual  exhaust  pipes.  An  air  bleed  valve  at  the  fifth  compressor  stage  is 
provided  to  insure  surge  free  accelerations.  The  power  turbine  inlet 
temperature  indication  (T5)  is  provided  by  the  average  of  four  thermo- 
couples located  in  the  power  turbine  nozzle.  The  performance  ratings  of 
the  ""Sl-A-SA  engine  as  specified  in  reference  (b)  are  shown  in  Table  I 
of  enclosure  (1).  The  engine  (Serial  Nu.mber  W-33)  was  supplied  by  NAPTC. 
Prior  to  this  test,  it  had  logged  an  undetermined  number  of  hours  since 
new  and  two  hours  since  overhaul. 


b.  The  coal  derived  JP-5  type  fuel  tested  is  a hydrotreated  kerosene 
that  had  bean  fractionated  from  a Western  Kentucky  syncrude  (Sample  0005) . 


5.  Method  of  Test. 

a.  Engine  Performance.  The  T63-A-5A  engine  (Serial  No.  W-33)  was 
installed  in  a sea  level  test  cell  using  a three-point  mounting  system. 

A flywheel  and  an  Industrial  Engineering  Water  Brake,  type  400  were 
connected  to  the  engine  gearbox  assembly  at  the  forward  power  output  pad 
to  absorb  the  engine  power.  The  brake  reaction  was  measured  by  a Baldwin 
load  cell.  All  parameters  to  determine  the  engine  starting  and  stejc'.y- 
atate  performance  with  the  fuels  were  measured  using  standard 
instrumentation.  The  engine  was  cleaned  with  a twenty  percs-rc  solution 
(by  volume)  of  BfiB  3100  and  distilled  water  prior  to  performing  this  test 
program. 


b.  The  following  cycle,  which  is  . 
8S9S  qualification  cycle,  was  used  for 
The  cycle  had  been  modified  for  a lube 
concurrently  with  these  tests. 

PERFORMANCE  TEST 
Engine  Power  Rating 

Cold  Start 
Ground  Idle 
Normal  Rated 
Ground  Idle 
Maximum 
Normal  Rated 
Maximum 
Ground  Idle 
Chop 

Engine  inlet  air  and  fuel  temperatures 
27*C  (80*F)  and  32*C  (90*F) . 


i modification  of  Specification  MIL-E- 
the  engine/fuel  performance  tests, 
evaluation  study  that  was  being  run 

CYCLE 

Time  (minutes) 

2 

10 

2 

5 

55 

5 

1 


TOTAL  TIME  80 

during  the  program  wore  between 
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c.  Exhaust  Elnlssions.  The  exhaust  enission  samples  for  JP-5  and  the 
coal  derived  fuel  were  taken  at  the  following  engine  conditions,  in 
sequence,  for  the  pollutants  measured. 

EMISSION  TEST  CYCLE 

Engine  Power  Rating  Time  (minutes) 

Cold  Start 
Maximum 
Normal  Rated 
90%  Normal  Rated 
60%  Normal  Rated 
40%  Normal  Rated 
Flight  Idle 
Ground  Idle 

TOTAL  TIME  70 


10 

10 

10 

10 

10 

10 

10 


d.  This  cycle  was  then  repeated  to  provide  duplicate  data.  Throughout 

the  test  program  the  power  turbine  (NPT)  was  kept  at  a constant  speed  of  100  rps 
(6,000  rpm)  except  at  ground  idle.  The  engine  power  ratings  designated  for 
the  emission  survey  were  selected  as  being  t >presentative  of  a typical 
Army  helicopter  duty  cycle.  No  engine  bleed  airflow  was  extracted  from 
the  engine  during  emission  sampling  except  at  ground  idle  and  flight  idle, 
when  the  compressor  fifth  stage  acceleration  bleed  valve  is  automatically 
open.  The  compressor  fifth  stage  acceleration  bleed  airflow  is  defined  by 
the  manufacturer  in  figure  60  of  reference  (b) . The  fuel-air  ratio  was 
calculated  for  each  power  rating  with  compensation  made  for  the  fifth 
stage  bleed  leakage  at  ground  idle. 

e.  The  instrumentation  and  methods  of  analysis  for  the  engine  emissions 
were  in  accordance  with  references  (c)  and  (d) . 

f . The  calibration  gases  used  with  the  test  instrxsnents  were  purchased 
from  Scott  Research  Laboratories  and  Matheson  Gas  Products.  The  specific 
gases  used  were: 


(1)  CO  - 1200  ppm,  890  ppm,  441  ppm,  250  ppm,  75  ppm,  25  ppra 

(2)  CO2  - 4.74%,  3.0%,  2.0%  1.0% 

(3)  NO  + NOj  - 190  ppm,  83.9  ppra  + 6 ppm,  28.1  + 2.6  ppm 

(4)  THC  - 459  ppm,  408  ppm,  357  ppm,  200.4  ppm,  146.4  ppm,  36.6  ppm 


The  accuracy  of  all  the  above  gases  was  guaranteed  by  the  vendors  to  be  ^1 
percent.  The  concentrations  of  these  gases  were  controlled  by  availability 
and  NAPTC  needs,  and  do  not  exactly  match  the  requirements  in  reference  (c) . 

g.  Emission  sampling  was  done  with  a probe  fabricated  in  accordance 
with  references  (c)  and  (d) . Two  probes  were  made  because  of  the  dual 
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tailpipe  configuration.  They  were  made  of  stainless  steel  with  four  arms 
extending  from  a central  manifold.  Ttie  plane  of  each  probe  was  an  ellipse 
with  uiajor  and  minor  axes  of  232  nm  (9  1/8  in)  and  173  mm  (7  in). 

There  were  three  1.5  mm  (0.060  in)  diameter  holes  at  the  centers  of 
equal  areas  on  each  arm.  T)ie  probes  were  centered  in  the  exhaust  strea-m 
41  mm  (1  5/8  in)  downstream  of  the  exhaust  pife  exit.  A probe  was 
mounted  in  each  exhaust  pipe. 

h.  The  emissions  sampling  line  was  stainless  steel  wit!\  an  internal 
diameter  of  7.7  mr,  (0.305  in).  It  was  maintained  at  a temperature  of 
150*C  ^5*C  (302*F  ^9*F).  Nitrogen  was  blown  bac)t  through  the  probe  durin: 
engine  start-up  to  preclude  the  dejjosition  of  raw  fuel  in  the  sampling 
lines. 

6.  Analysis  of  Results. 

a.  Characte"  iftics  of  Tost  Fuels  - The  fuel  derived  from  coal  and  t;.?- 
JP-5  used  in  the  T63-A-5A  engine  performance  and  emissions  tests  were 
analyzed  :n  determine  their  characteristics.  These  data  are  shown  in 
Table  II  of  enclosure  (1)  along  with  the  average  data  for  JP-5  fuels 
produced  during  1975  and  the  JP-5  specification  limits.  The  coal  derived 
fuel  was  deficient  in  gravity,  heat  of  combustion,  smo)ce  point,  contaninati on 
and  thermal  stability  when  compared  to  the  JP-5  specification  limits.  None 
of  these  deficiencies  were  of  sufficient  magnitude  to  cause  concern  about 
the  use  of  this  fuel  in  an  engine  in  a test  cell.  The  excessive  amount  of 
solid  contamination  present  in  the  fuel  was  removed  by  filtration  in  the 
test  cell  fuel  system.  The  JP-5  used  to  obtain  comparison  or  base  line 

data  conformed  to  the  specification  requirements. 

b.  T63-A-5A  Engine  Performance  - The  performance  obtained  on  the  fuel 
derived  from  coal  and  the  JP-5  fuel  are  shown  in  figure  1 of  enclosure  (2).  The 
guarantee  model  specification  values  (reterence  (b))  are  also  shown  for 
comparison  purposes.  It  can  be  seen  that  there  is  no  significant  difference 

in  the  T63-A-5A  engine  performance  with  these  fuels  and  that  the  engine 
performance  conforms  to  the  model  specification  requirements. 

c.  T63-A-5A  Engine  Exhaust  Emission  - The  values  for  CO,  THC  and  NO 
for  the  fuel  derived  from  coal  and  JP-5  are  presented  in  figures  2,  3 and 
4 of  enclosure  (2) . They  are  plotted  as  a function  of  engine  fuel-air 
ratio.  No  significant  difference  in  exhaust  emission  characteristics 

Is  apparant  when  comparing  the  fuel  derived  from  coal  data  with  that  of 
the  JP-5  fuel. 

J.  SHIMSKI 
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FIGURE  2.  CARBON  MONOXIDE  EMISSIONS,  T63-A-5A  ENGINE,  S/N  W-33 
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FIGURE  3.  TOTAL  UNBURNED  HYDROCARBON  EMISSIONS,  T63-A-5A  ENGINE, 
S/N  W-33 
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